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I. INTRODUCTION 



Flavor changing neutral interactions (FCNI) are forbidden at the tree level in the 
standard model (SM). Therefore they have the potential to test higher order correc- 
tions to the SM and also constrain many of its possible extensions. Among all FCNI, 
rare B decays play an important role in searching new physics beyond the SM. The 
quark level FCNI b —>■ sfi + fi~ is responsible for (i) the inclusive semileptonic decay 
B — > X s /i + /i~, (ii) the exclusive semileptonic decays B — > (K, K*)n + n~ , and (hi) 
the purely leptonic decay B s — > u + u~. Both the inclusive and exclusive semilep- 

nnnnnn 

tonic decays have been observed experimentally [l|, |2|, 13, U, la, |6] with branching 
ratios close to their SM predictions [j 



In 



Ill ], the impact of these measurement on the new physics contribution to the 



branching ratio B(B S — > fi + fj,~) was considered. It was shown that new physics 
in the form of vector /axial- vector operators is severely constrained by the data on 
B{B — ► Kfi + fi~) and B(B — ► K*fi + fi~), so an order of magnitude enhancement in 
the branching ratio of B s — > is ruled out. On the other hand, if new physics 

is in the form of scalar/pseudoscalar operators, then B(B — ► K*fi + fi~) does not put 
any useful constraint on the new physics couplings and allows an order of magnitude 
enhancement in the B(B S — > /i + yr). Therefore B(B S — ► is sensitive to an 

extended Higgs sector. In [12 ]. the constraints on scalar/pseudoscalar new physics 
contribution to the B(B — > K[i + fi~) were studied. It was shown that a large 
deviation in 5(1? — > Kfi + fi~) from its SM prediction is not possible. 

In [3] , the forward-backward (FB) asymmetry of leptons in semileptonic decays 
of mesons was introduced as an observable sensitive to the physics beyond the SM. 
In particular, the FB asymmetry of muons, Aj?b, in B — > Kfi + fi~ is important 
because its value is negligibly small in the SM |14|. This is due to the fact that 
hadronic current for B — ► K transition does not have any axial vector contribution; 
it can have a nonzero value only if it receives contribution from new physics. The 



sensitivity o 
in detail 15 



Afb for tes ting non-standard Higgs sector has been studied in literature 
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19|. However in 20 1 , i t was shown that the present upper 
2l| restricts the average (or integrated) 



bound on the branching ratio of B s — > /j, + fj, 
FB asymmetry, (Afb), to about 1% as long as the only new physics is in the form 
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of scalar /pseudoscalar operators. Such a small FB asymmetry is very difficult to be 
measured in experiments and hence searching for new scalar/pseudoscalar physics 
through (Afb) will be a futile exercise. 

The forward-backward asymmetry can also get contributions from tensor oper- 
ators. In the SM, the tensor operators in b —>■ sfi + fi~ arise at higher order in the 
electroweak operator product expansion from finite external momenta in the match- 
ing calculations, however their contribution is negligibly small and we shall not 
consider them in this paper. However in models beyond the SM, tensor operators 
may contribute significantly to the decay and to the asymmetry Afb- For example, 
in the minimal supersymmetric standard model (MSSM), the tensor operators arise 
rom photino and zino box diagrams at the leading order operator product expansion 



221 ] . Tensor operators can also be induced by scalar operators under renormaliza- 



tion group running 



23l . |24J . In leptoquark models, tensor operators are induced by 



the interactions of leptoquarks with the SM Higgs field 251 ] . 



In 22J, the effect of these operators to (Afb) was studied, where it was shown that 
(Afb) can be as high as 3% at 90% CL. if new physics is only in the form of tensor 
operators, whereas it can rise to 15% if both scalar/pseudoscalar and tensor new 
physics operators are present. The integrated asymmetry (Afb) has been measured 
4] and Belle Q, to be 



by BaBar 

(A FB ) = (0.15i^ ± 0.08) (BaBar) , (1) 

(A FB ) = (0.10 ± 0.14 ± 0.01) (Belle). (2) 

These measurements are consistent with zero. However, they can be as high as 
~ 40% within 2a error bars. Future experiments like a Super- 1? factory or the LHC 
will increase the statistics by more than two orders of magnitude. For example at 
ATLAS, the number of expected B — > Kn + n~ events even after analysis cuts is 



expected to be ~ 4000 with 30 fb _1 data 28j, which will be collected within the 
first three years. Thus, (Afb) can soon be probed to values as low as 5%. 

With higher statistics, one will be able to determine even the distribution of 
Afb as a function of the invariant dilepton mass squared q 2 , which can provide a 
stronger handle on this quantity than just its average value (A F b)- Moreover, since 
the theoretical predictions for the rate of B — > K[i + /i~ are rather uncertain in the 
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intermediate q 2 region (7 GeV 2 < q 2 < 12 GeV 2 ) owing to the vicinity of charmed 
resonances, it is important to look at the quantity App{q 2 ) in the complete q 2 range 
so that its robust features may be identified. Indeed, it turns out that with the new 
physics considered in this paper, App{q 2 ) is high near the high-g 2 end point. 

In this paper we study App{q 2 ) in the complete q 2 region and explore the possi- 
bility of large FB asymmetry in some specific regions of the dilepton invariant mass 
spectrum. This paper is organized as follows. In section[TTl we present the theoretical 
expressions for the FB asymmetry of B — > K[i + considering new physics in the 
form of scalar /pseudoscalar and tensor operators. In section HTT1 we study App{q 2 ) 
due to new physics only in the form of scalar /pseudoscalar operators whereas in 
section HVl we consider Aps{q 2 ) due to new physics only in the form of tensor opera- 
tors. In section |V] we calculate App(q 2 ) when both the scalar /pseudoscalar we well 
as tensor operators are present. Finally in section IVTl we present the conclusions. 



II. FORWARD-BACKWARD ASYMMETRY OF MUONS IN B -» A>+ /jT 

We consider new physics in the form of scalar /pseudoscalar and tensor operators. 
The effective Lagrangian for the quark level transition b — > can be written 

as 

L(b -> s/i + /i~) = L S M + L S p + L T , (3) 

where 

OlG p f ff - 

L S m = -j=-V tb V ts U3l (s7 At P L 6) / u7 M /i + Cio(s7^P L 6)/i7 A1 7 5 /i 

-2—^m b (sia flu q u P R b)fi'y ll fij, (4) 

L S p = ^^V tb V*^R s sP R b p/i + R P sP R bfi-f 5 ^ , (5) 

L T = ^V tb V: s \c T sa^b Jur^n + iC TE sa^b fia a(3f i e^j . (6) 

Here Pl,r = (1 T 7s)/2 and q^ is the sum of 4-momenta of fi + and fi~ . Rs and Rp 
are new physics scalar /pseudoscalar couplings whereas Cp and Cp E are new physics 
tensor couplings. 
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Within the SM, the Wilson coefficients in eq. (j3J) have the following values: 

Cf = -0.310 , Cf = +4.138 + Y(q 2 ) , C 10 = -4.221 , (7) 

where the function Y(q 2 ) is given by {29], Q 

Y(q 2 ) = g( mc , q *)(3C 1 + C 2 + 3C 3 + C 4 + 3C 5 + Ce)-~g(0,q 2 )(C 3 + 3C A ) 

- ±g(m b , g 2 )(4C 3 + 4C 4 + 3C 5 + C 6 ) + ^(3C 3 + C 4 + 3c 5 + C a ) . (8) 

Here we take the values of the relevant Wilson coefficients to be 

C l = -0.249, C 2 = 1.107, C 3 = 0.011, 
C A = -0.025, C 5 = 0.007, C e = -0.031, (9) 

all of which are computed at the scale fi = rrib = 5 GeV. The function g is given by 



g{m h q 2 ) = -~\n(mi/ml ole ) + — + ~y { - -(2 + ^)^1 



27 9 yi 9 

xjea-j/O ln Q + ^l| ) -Z7T +0(^-1) 2 tan" 1 

with ?/j = Amf/q 2 . 

The normalized FB asymmetry is defined as 

Jo 1 dcos9 drS^ ~ /-i rfco ^ 



(io) 



d 2 r 



dz dcosd 



(11) 



Jo aCUba dz dcosd + J-l UCUba dz dcose 

with 2! = q 2 /m 2 B . In order to calculate the FB asymmetry, we first need to calculate 
the differential decay width. The decay amplitude for B(pi) — > K(p 2 ) fi + (p + ) jt/~(p_) 
is given by 

(K(p 2 ) \s^b\ B( Pl )) {Cfu(p^AP+) + G 10 w(p_)7m75^(p + )} 
_C| ff 



-771& (i^(p 2 ) |sio><A| -B(pi)) u(p-)j^v(p- 



+ ( K (Pz) \ sb \ B(pi)) {R s u{p^)v(p + ) + i2pu(p_)7 S T;(p + )} 
+2CV (#(p 2 ) |*v&| S(p0) u(p_)^T;(p + ) 

+2iC TE e^ (K(p 2 ) \sa^b\ B{p 1 )) u(p^a afS v(p + 



(12) 
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where = (pi — P2 ) [l = (p+ +V-)n- The relevant matrix elements are 

(K(p 2 ) \- Slll b\ B( Pl )} = (2 Pl - q),f + (z) + (i— -) qMz) - f + (z)\ , (13) 

z 

(K( Pl ) \sia^b\ B( Pl )} = \(2 Pl - q),q 2 - (m| - m 2 K )q,\ _MfL_ , (14) 

L J TflB + Tax 

(K( P2 ) \sb\ B( Pl )} = mB{ \~ e) f Q (z) , (15) 

rrib 

(K(p 2 ) \sa^b\ B( Pl )) = -i (2pi - q)^ - (2 Pl - q) u q^ ■ , (16) 

L J TflB + 1TI>K 

where k = mx/mB and fhf, = m^jmB- 

Using the above matrix elements, the double differential decay widths can be 
calculated as 

d 2 T G 2 F a 2 . |2 5 x i 2 



x 



{S Re(C£ ' ) + 4 (|£|2 + /5 " |D|2) } 

+<P^(\A\ 2 +\B\ 2 ) + 2m fl m B Re(AF*)^ 

+ (1 - k 2 ) |2mjRe(5C*) + ^Re(5£*) j 

+ml {(2 + 2k 2 - z)\B\ 2 + z\C\ 2 }+<j ) zm 2 B (l- fi)\F\ 2 

+K [zm 2 B {\F\ 2 + 4|G| 2 ) - \{\A\ 2 + |5| 2 )} cos 2 9 

-0 1/2 /3 M { ^Re(AD*) + 4m M (l - k 2 )Re(BG*) + 4 i 2m M m B Re(CG'*) 
t wis 

+ 2zRe(G'£*) + ^Re(-DF*) \ cosO , (17) 



where 



rhf, = m^/rriB 

= 1 + A; 4 + z 2 - 2(A; 2 + k 2 z + z) , 

/ 4m 2 , / 

& = v 1- ~r' (18) 

and 6* is the angle between the momenta of meson and /i~ in the dilepton centre 
of mass frame. The parameters A, B, C, D, E, F, G are combinations of the Wilson 
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coefficients and the form factors, given by 



A = 2C e 9 ff f + (z)-AC e 7 ff m b ^ {z 
B = 2C 10 f + {z) , 



k 



C = 2C 



1-k 2 



10 



D S 2fls "-B(l-^) /oM 



E = 2R P - 
F = -AC T 

G = ACj'JT] 



m B (l-k 2 : 



fr(z) 



Hz) 



m B (l + k) 

h{z) 



'm B {l + k) 

The kinematical variables in eq. (jTTl) are bounded as 

- 1 < cos# < 1, Am 2 < z < (1 - kf . 



(19) 



(20) 



The form factors /+,o,t can be calculated in the light cone QCD approach. Their z 
dependence is given by [yj] 

f(z) = f(0) exp( Cl z + c 2 z 2 + c 3 z 3 ) , (21) 

where the parameters /(0), ci, c 2 and C3 for each form factor are given in Table [I] 



/(0) 



ci 



C2 



C3 



/+ 


u.o±y_ 041 


1.465 


0.372 


0.782 


/o 


n Qiq+0.052 
u.o±y_ 041 


0.633 


- 0.095 


0.591 


/r 


U.OOO_ 055 


1.478 


0.373 


0.700 



TABLE I: Form factors for the B — > K transition 



Q. 



The FB asymmetry arises from the cos# term in the last two lines of eq. ( TP7I) . 

We get 



A FB {z) 



2Y f3^N(z) 
dT/dz 



where 



r 2 n 2 



(22) 
(23) 
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77? 

N(z) = -4m„(l - £; 2 )Re(5G*) -Re(AD*) - izm^m B Re{CG*) 

TUB 

-^Re(DF*) - 2zRe(EG*) , (24) 



^ F ^1/2 



1 - ) (iM' + W) + \ml\B\ 2 V2 + 2f-z) r \n>lz\Cf 



+ 8m 2 (l-k 2 )Re(BC*) + 8m^m B (f)Re(AF*) + (\E\ 2 + 0* \D 



(i _ A; 2 ) R e (BE*) + z Re(CE*) 
m B m B 

+ Uzm 2 B {3\F\ 2 + 2^(2|G| 2 -|F| 2 )} 



(25) 



In our analysis we assume that there are no additional CP phases apart from the 
single Cabibbo-Kobayashi-Maskawa (CKM) phase. Under this assumption the new 
physics couplings are all real. 

III. Apb FROM NEW SCALAR/PSEUDOSCALAR OPERATORS 

If new physics is only in the form of scalar /pseudoscalar operators, then App{z) 
is obtained by putting Cp = Cte = in eq. (TI21 . We get 



A , s = /? M 1/2 asM,si z ) R s (9(]] 

FB{ ' b SM (z) + b SMtS (z)R P + b s (z)(R 2 + it! 2 ,) ' { ° J 

where 

a SM ,s{z) = (1 - k 2 ) f (z) Re(A) , (27) 

m b 

b SM (z) = (l - ^ (\A\ 2 + \B\ 2 ) + 4m 2 \B\ 2 (2 + 2A; 2 - z) 

+ Afnlz\C\ 2 + 8ml{l-k 2 )Re{BC*) , (28) 

bsMAz) = ^(1 - k 2 ) 2 C w f 2 (z) , (29) 
m b 

bs(z) = ^(l-k 2 ) 2 f 2 (z). (30) 
m b 

Therefore in order to estimate Apb(z) we need to know the scalar/pseudoscalar 
couplings Rs and Rp. 
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FIG. 1: Rs — Rp parameter space allowed by the present upper bound on the branching 
ratio of B s — * /i + fj,~ 

We constrain Rs and Rp through the decay B K — > [i + fi~ . The branching ratio 
of B s — > fi + \i~ due to Lsm + Lsp is given by 20| 



B{B S 



A* + <0 = ^™)' TB ' \V»V t :\*fl x [R s +(Rp + 2m,C 10 ) 2 } . (31) 



The present upper bound on B(B S — > /x + /x ) is [21] 

5(5, -> At + //~) < 0.58 x (95% C.L.) , 



(32) 



which is still more than an order of magnitude away from its SM prediction. There- 
fore we will neglect the SM contribution while obtaining constraints on the Rs — Rp 
parameter space. The allowed values of Rs and Rp at 2a are shown in Fig. [TJ The 
input values of parameters, used throughout this paper, are given in Table [TTJ 

The maximum value of Apb(z) is obtained for Rp = and Rs = ±0.84. At 
these parameter values, App{z) is shown in Fig. [2] for the central and ±2cr values of 
the form factors. As can be observed, the errors in the form factors have almost no 
impact on the value of A FB (z) obtained. The peak value of A FB (z) is observed to 
be ~ 2%, whereas in most of the z range, Afb{z) < 1%. Measurement of Afb{z) in 
the presence of only scalar/pseudoscalar operators will therefore be very challenging. 
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G F = 1.166 x 10" 5 GeV" 2 


m Bs = 5.366 GeV 


a = 1.0/129.0 


m B = 5.279 GeV 


a s (m b ) = 0.220 [31] 


V tb = 1.0 


TBg = 1.45 x 10~ 12 s 


V ts = (40.6 ± 2.7) x 10" 3 


rrif, = 0.105 GeV 


\VtbV t * s /Vcb\ = 0.967 ± 0.009 [32] 


m K = 0.497 GeV 


m c /m 6 = 0.29 [7] 


m b = 4.80 GeV [7] 


B(B -> X c ^z/) = 0.1061 ± 0.0016 ± 0.0006 [33] 



TABLE II: Numerical inputs used in our 
taken from the Review of Particle Physics 



analysis. Unless explicitly specified, they are 



34]. 



0.02 
0.018 
0.016 
0.014 

_ °- 012 

N 

0.01 
< 0.008 
0.006 
0.004 
0.002 


0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 

z 

FIG. 2: The forward-backward asymmetry Afb{z = q 2 /m B ) for the new physics only in 
the form of scalar/pseudoscalar operators. The plot corresponds to Rp = and Rs = 
—0.84. The red (solid) curve corresponds to the central values of the the form factors 
given in Table [J whereas the green (dashed) and blue (dotted) curves correspond to their 
values at +2<j and — 2a respectively. In this scenario, all the curves overlap, indicating 
that the dependence on form factors is negligibly small. 
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IV. Apb FROM NEW TENSOR OPERATORS 

If new physics is only in the form of tensor operators then Afb{z) is obtained by 
putting R s = R P = in eq. §F2). We get 

/? M 1/2 a SM A z ) C TE 



where 



A FR (z) 



b SM (z) + b SMjT (z)C T + b T (z)(C T + AC 2 ^ ' 



TE) 



(33) 



o>sm,t{z) = -64 (1 - k) C w f T (z) f (z) , 
32 m^Re(A) f T (z) 



bsM,T{z) 



b T (z) 



1 + Jfe 



(34) 
(35) 

(36) 



3(1 + A;) 2 ' 

and bsM{z) is given already in eq. fl28l) . 

..la order to estimate A FB (z), we need to know the tensor couplings CV and Cte- 



In 



35J, it was shown that the the most stringent bound on tensor couplings comes 



from the data on the branching ratio of the inclusive decay B — > X s fi + fi . The 
branching ratio of B — > X s (p s )fi + (p fM +)fi~(p fM -) is given by [36 1 



B(B -> XJ + r) = B 



Ism + (Cj- + AC te )It 



(37) 



where 



*«(*) ( t 



z 2 + ^(,) 2 \ Cf 



-2 //(:) <i z 2 + ^u(z) 2 



i\(cf 2 + c 



-ldu(z) (z-l)CfCf 



It = 16 J dzu(z) 
u(z) = (1-z). 



—u(zy-2z + 2 

o 



(38) 

(39) 
(40) 



Here z = q 2 /ml = (p^+ + p^) 2 /ml = (p& —p s ) 2 / m b- The limits of integration for z 
are now 

(41) 



Zmin Am / VTlfy , Z max (1 ) , 

^ m b 



12 



as opposed to the ones given in eq. (1201) for the exclusive decay. The normalization 
factor B is given by 



B n = B(B^X n eu) 



where the phase space factor f(rh, 



3a 2 




2 1 


167T 2 


v cb 


2 


/(rn c )«(m c ) 



rric ' 
m b ■ 



(42) 



and the 0(a s ) QCD correction factor 



K(m c ) of b —>■ cev are given by 37J] 

f(rh c ) = 1 
K(rh c ) = 1 

Eq. (J37l) can be written as 



m c 2 + 8m c 6 — m c 8 — 24m c 4 In rh c , 



2a s (m b ) 
3tt 



(n 2 - 3 4)(l-ra c ) 2 + 3 - 



B(B — > /i-) = £ SM (B -> X s/U + ^-)+B T (B^ X s /i+ /T 



where 



fin/. 



-<SAf , 



Bsm{B — ► X s fx + 
B T (B -> X s/ i + //-) = fi J T (Cf, + 4C| B ) . 

The present world average for £>(£> — > X s fi + is [6( 

£ E xp(fi -> X^ + /i-) f , 2>0 .o4GeV2 = (4.3+l;l) >< 10"" 



(43) 
(44) 

(45) 

(46) 
(47) 

(48) 



We keep the same invariant mass cut, q 2 > 0.04 GeV 2 , in order to enable comparison 
with the experimental data. With this range of q 2 , the SM branching ratio for 
B -> X s fi+ it in NNLO is [7] 



B SM (B -> X sf i + fi-) q 2 >omGeY 2 = (4.15 ± 0.71) x 10" b , (49) 
whereas B I T = (1.47 ± 0.22) x 10~ 6 . Using equations ggj, (gHJ) and (|49]), we get 



Cl + 4G 



0.10 ± 1.01 . 



(50) 



The allowed parameter space for Ct, Cte at 2a is shown in Fig. [31 

The maximum value of Afb(z) is obtained for Ct = and Cte = ±0.69. For 
these parameter values, Afb{z) is shown in Fig. H]for the central and ±2cr values of 
the form factors. In most of the z range, Afb{z) <^ 3%, however its peak value at 
the high-g 2 end point is ~ 40%. Thus there can be a large deviation from the SM 
prediction in the high-g 2 region. 
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_-| g I i i i i i i i 

-2 -1.5 -1 -0.5 0.5 1 1.5 2 

FIG. 3: (Ct, Cte) parameter space at 2a allowed by the measurement of branching ratio 
of B — > X s u + 

V. A FB FROM THE COMBINATION OF SCALAR/PSEUDOSCALAR 

AND TENSOR OPERATORS 

We now consider the scenario where new physics in the form of both 
scalar /pseudoscalar and tensor operators are present. In this case the expression for 
Afb(z) is given by eq. (fT2j) . Maximum values of Afb(z) as obtained for Rs = Ct = 
and Rp = —0.84, Cte = 0.69, which are shown in Fig. [51 The peak value of A FB (z) 
is ~ 40% at 2a and is obtained at the high-g 2 end point. Thus, there can be large 
FB asymmetry in the high q 2 region. Another reason to concentrate on the high-g 2 
region is that theoretical predictions of the decay rate B — > Kfi + are more robust 
there, owing to the non-interference of charmed resonances. 

Let 71 be the high-g 2 region, with q < q 2 < q^ ax , where g 2 ^ is the endpoint. 
The restriction to high-g 2 would decrease the number of events selected, however 
since the average Afb in this region, (Ap B ), is larger, it can still be observed. The 
number of events of B —>■ Kfi + required to determine this asymmetry to no is 

n 2 
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0.45 r 

0.4 - 

0.35 - 
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nT 0.25 - 
m 
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0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 

z 

FIG. 4: The forward-backward asymmetry Afb(z = q 2 /m 2 B ) for the new physics only in 
the form of tensor operators. The plot corresponds to Ct = and Cte = +0.69. The 
red (solid) curve corresponds to the central values of the the form factors given in Table U 
whereas the green (dashed) and blue (dotted) curves correspond to their values at +2a 
and —2cr respectively. The dependence on the form factors is clearly extremely small. 

where f n is the fraction of total number of B — > Kfi + fi~ events that lie in the 
region TZ. When TZ corresponds to the whole q 2 range available, then the expression 
reduces to N B ->Kn+ /i - ^ n 2 / (A FB ) 2 , as expected. 

Taking TZ to be the region q 2 > 15 GeV 2 and the values of parameters as shown 
in Fig. [SJ we find that about 600 total B — > Kfi + ^ events are required to observe 
FB asymmetry at 2cr. For q 2 > 19 GeV 2 , the required number of events for 2er 
detection of Afb is about 1600. These numbers are easily obtainable at a Super-5 
factory as well as at the LHC, so the structure of the ApB{q 2 ) peak can be studied 
at these experiments. 

VI. CONCLUSIONS 

In the standard model, the forward-backward asymmetry Afb of muons in B — > 
Kfi + fi~ is negligible. New physics in the form of vector/axial vector operators also 




15 



0.45 r 

0.4 - 

0.35 - 

0.3 - 

nT 0.25 - 
m 

<" 0.2 - 
0.15 - 
0.1 - 
0.05 - 

- 

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 

z 

FIG. 5: The forward-backward asymmetry App(z = q 2 /m 2 B ) for new physics when both 
scalar /pseudoscalar as well as tensor operators are present. The plot corresponds to 
Rs = Ct = and Rp = —0.84, Cte = +0.69. The red (solid) curve corresponds to 
the central values of the the form factors given in Table U whereas the green (dashed) and 
blue (dotted) curves correspond to their values at +2a and —2a respectively. 

cannot contribute to App. However, new physics in the form of scalar /pseudoscalar 
or tensor operators can enhance App to per cent level or more, thus bringing it 
within the reach of the LHC or a Super- B factory. In this paper, we concentrate on 
the magnitude as well as q 2 dependence of App with these kinds of new physics. 

We find that if new physics is in the form of scalar/pseudoscalar operators only, 
then the peak value of A FB (q 2 ) can only be <; 2%, and hence rather challenging 
to detect. However if new physics is only in the form of tensor operators then the 
peak value of App(q 2 ) can be as high as 40%. Such a high enhancement is obtained 
only near the high-g 2 end point, i.e. for q 2 > 19 GeV 2 , below which Ap B (q 2 ) ^ 5%. 
In the presence of both scalar/pseudoscalar and tensor operators, the interference 
terms between them can boost App(q 2 ) to more than 15% for the whole region 
q 2 > 15 GeV 2 . 

The measurement of the distribution of App as a function of q 2 can not only reveal 
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new physics, but also indicate its possible Lorentz structure. A large enhancement 
in Aps by itself would confirm the presence of new physics tensor operators. If 
the enhancement is only at large q 2 values, the scalar/pseudoscalar new physics 
operators probably play no major role. On the other hand, if the enhancement as a 
function of q 2 is significant at low q 2 and increases gradually with increasing q 2 , the 
presence of scalar/pseudoscalar new physics operators would be indicated. 

The high-g 2 region in the Aps{q 2 ) distribution is theoretically clean since the 
charmed resonances in the intermediate q 2 region do not interfere here. This region 
also happens to be highly sensitive to new physics, especially in the form of tensor 
operators, as we have shown here. Exploration of this region in the upcoming 
experiments is therefore of crucial importance. 
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